Recent publications have shown that an oxidized cytosolic environment amplifies activation of nuclear factor kappaB (NF-kB), which plays a critical role during inflammatory processes by activating many genes encoding for proinflammatory cytokines and immunoregulatory mediators.
sion wavelength 530 nm).
Measurement of NO Nitric oxide (NO) production was measured as nitrite (a stable metabolite of NO) concentrations using the Griess reagent system following Jiancheng Institute of Biotechnology protocols (Jiancheng Institute of Biotechnology, Nanjing, China). The fluorogenic substrate of 2,3-diaminonaphthalene (DAN) can be changed into the fluorescent 1-(H)-naphothiazolei with NO 2 Ϫ under the acid solution. Cells were washed twice with cold PBS and then suspended in 1 ml PBS, and incubated with 10 ml of DAN at a concentration of 0.5 mg/ml at 37°C in the dark for an additional 40 min. After incubation, 50 ml of 2.8 N NaOH was added to terminate the reaction. The fluorescent intensity of the cell suspensions was then monitored by fluorescence spectrophotometer (HITACHI 650-60, Tokyo, Japan, excitation wavelength 365 nm, emission wavelength 450 nm).
Measurement of Intracellular GSH Reduced GSH was assayed using a modified method of Hissin and Hilf. 14) THP-1 monocytes were inoculated into six-well plates; the numbers of cells were 2ϫ10 5 cells/well. After incubation, cell counts of living and dead cells were examined by trypan blue staining and cell viability was calculated. The medium was discarded and 0.4 ml of 5% trichloroacetic acid (TCA) was added. After 30 min of incubation at 4°C to extract GSH, 50 ml of the TCA extract was added to tubes containing 1 mg/ml o-phthalaldehyde (1 ml) in 50 mmol/l phosphate/5 mmol/l EDTA buffer (pH 8.0). The tubes were incubated at 37°C in the dark (15 min). Fluorescence was measured by fluorescence spectrophotometer (HITACHI 650-60, Tokyo, Japan). Excitation and emission wavelengths were 485 and 550 nm, respectively. The concentration of GSH was determined from a GSH standard.
Preparation of Nuclear Extracts and Western Blot Analysis Nuclear extracts were obtained as described previously. 15) Briefly, cells (5ϫ10 6 cells/ml) were lysed in icecold buffer A (10 mM HEPES, pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM dithiotreitol, and 0.5 mM PMSF) and after 15 min incubation on ice, NP-40 was added to a final concentration of 0.5% (v/v). Nuclei were collected by centrifugation. Nuclear pellet was suspended in ice-cold buffer C (20 mM HEPES, pH 7.9, 400 mM NaCl, 1 mM EGTA, 1 mM dithiotreitol, 1 mM PMSF, 1 mg/ml pepstatin, 1 mg/ml leupepin, and 20%, v/v glycerol) and incubated for 30 min. Nuclear proteins were collected in supernatant after centrifugation (12000ϫg; 4°C 10 min). The total protein content in the nuclear extracts was determined by the method of Bradford (Bradford et al. 1976) .
Statistical Analysis Data are presented as meansϮstan-dard deviation (S.D.). The statistical significance of differences among groups was assessed by one-way analysis of variance (ANOVA), followed by least significant difference (LSD) for multiple comparison, as a post hoc test. The level of significance was set at pϽ0.05 and 0.01 for all statistical analysis. Effects of HT on NO Production in LPS-Stimulated THP-1 Cells Nitrite was used as an indicator of NO production, due to the short half-life of NO. The nitrite concentration in cortical tissue homogenates was significantly increased in the LPS only-treated group. As shown in Fig. 2 , all three doses of HT treatment significantly suppressed the increase of NO formation (pϽ0.05 or pϽ0.01).
RESULTS

Effect of HT on
Effect of HT on the LPS-Induced GSH in THP-1 Cells GSH is an important cellular antioxidant. To determine the effect of HT on the redox status of cells induced by LPS, GSH level was evaluated in the cells treated with LPS. GSH decreased dramatically when the cells were treated with 1 mg/ml LPS. When pretreated with all doses of HT, GSH depletion was greatly prevented in the cells treated with 1 mg/ ml LPS (Fig. 3) .
Effects of HT on LPS-Induced NF-k kB Activation in THP-1 Cells To study the effect of HT on LPS-induced NF-kB activation in THP-1 cells, Western blot analysis of the nuclear fraction of cell lysates was performed. As shown in Fig. 4 , the translocation of NF-kB in the nuclear fractions of THP-1 cells was increased by treatment with LPS (1 mg/ ml). However, pretreatment of THP-1 cells with HT attenuated LPS-induced nuclear NF-kB expression by THP-1 cells in a dose-dependent manner (Fig. 4) .
Effects of NAC on the LPS-Induced ROS, NO, GSH, and NF-k kB Activation in THP-1 Cells Because ROS have been viewed previously as general messengers for signal-induced NF-kB activation, 16, 17) in this study to examine the exact inhibitory mechanism of HT on NF-kB activation, we used NAC, a major precursor of GSH and an antioxidant, as positive control to investigate the role of HT in modulation of redox status and NF-kB. Similar to the effect of HT administration, addition of NAC also greatly blocked LPSinduced NF-kB activation and decreased LPS-stimulated intracellular generation of ROS and NO, and dramatically blocked LPS-induced GSH decrease.
DISCUSSION
On the basis of previous literature and the current results, it is apparent that the inflammatory response of LPS in macrophages includes initial induction of ROS, which leads to activation of NF-kB and to induction of inducible nitric oxide synthase (iNOS) and inflammatory cytokines. This last step would lead to the production of NO in toxic amounts, together with toxic cytokines. Early works demonstrated that HT possesses marked antioxidant activity and is a good radical scavenger. 18) HT in vitro prevents LDL oxidation 19) and platelet aggregation 20) and inhibits 5-and 12-lipoxygenase.
21)
A recent report indicates that HT and other phenolic antioxidants reduce vascular cell adhesion molecule-1 mRNA expression by blocking activation of transcription factors NFkB and activator protein-1. 22) However little information is available about the effect of HT on the oxidative stress and NF-kB activation in LPS-stimulated THP-1 cells. The present study was performed to examine the suppression by HT of ROS, NO, and NF-kB activation and the increase of GSH in LPS-stimulated THP-1 cells.
LPS is a potent stimulator of NO. 23, 24) NO is involved in phagocytosis at the physiological level, but also can lead to amplification of inflammation and tissue injury when produced in large amounts. NO reacts rapidly with superoxide to form peroxynitrite, a powerful oxidant that damages many biological molecules including DNA 25, 26) and upregulates the DNA-binding activity of NF-kB in macrophages activated with inflammatory stimulants. 27, 28) In the present study, we found that LPS treatment to cells significantly elevated NO generation by more than the LPS-untreated negative control, which has been documented by several researchers.
28) Pretreatment with HT could decrease the level of NO induced by LPS. Futhermore, pretreatment with NAC has also the same effect as HT. LPS stimulation has been shown to increase ROS in monocytes/macrophages. 29) ROS are key components of postreceptor intracellular signaling pathways, 30) and activation of the NF-kB and MAPK pathways plays a key role in mediating macrophage responses to proinflammatory stimuli, such as LPS and cytokines. [31] [32] [33] In another aspect, considerable experimental evidence has been adduced in support of protection of HT against cytotoxicity induced by ROS in different cell systems. 8, 9) Our present study showed that the intracellular ROS level was significantly increased in THP-1 cells stimulated by LPS. Pretreatment with all three doses of HT and NAC reduced the generation of ROS induced by LPS, achieving a maximum value of 100% reduction in DCF fluorescence intensity.
Our findings show that the decrease of GSH by LPS alone is consistent with those of Paromov et al. 34) and Wang et al. 35) Kaur et al. 36) also reported that TBARS levels were significantly increased, whereas GSH and SOD levels decreased in the liver homogenates of LPS-challenged rats. Depletion of intracellular stores of GSH plays an important role in protecting against oxidative stress by reacting directly with ROS [37] [38] [39] and NO. 40) Moreover, pretreatment with HT significantly restores the GSH level reduced by t-BHP treatment in HepG2 cells. 12) In our experimental conditions, stimulation of THP-1 cells with LPS 1 mg/ml induced a dramatic decrease in the concentration of GSH, which was prevented by pretreatment with all three doses of HT. Pretreatment with NAC also prevented the decrease of GSH induced by LPS.
NF-kB is a critical signal molecule for inflammatory processes and a ubiquitously expressed multiunit transcription factor that is activated by diverse signals, possibly via phosphorylation of the I-kB subunit and its dissociation from the inactive cytoplasmic complex, followed by translocation of the active dimer, p50 and p65, to the nucleus. 41, 42) Recent reviews show that NF-kB activation is extremely sensitive to cellular redox status and plays a key role in the pathogenesis of inflammatory diseases, as exemplified in rheumatoid arthritis and vascular diseases. 43, 44) During inflammatory processes, activation of NF-kB plays a crucial role since it is responsible for the activation of inflammatory genes that encode for cytokine production. Although the exact regulatory mechanisms of NF-kB activation and inhibition are still unknown, there is no doubt that the redox potential has a strong impact in this regard. Redox homeostasis plays a critical role in protection of cells from both internal and external oxidative and other forms of stresses, and maintains a regulatory role of redox-sensitive transcription factors such as NFkB. 45, 46) It has also been shown that NF-kB nuclear translocation is induced by ROS. 47) By contrast antioxidants such NAC, which reduce cytosolic redox potential, are able to diminish NF-kB activation. 48) We previously reported that treatment of THP-1 cells with LPS 1 mg/ml induced NF-kB activation, which was prevented by pretreatment with HT 50 and 100 mM and NAC. The inhibitory effect of HT on NF-kB activation was consistent with of the reports of Maiuri et al. 49) Indeed, the suppressive effect of LPS to NF-kB activation at HT 50 and 100 mM and NAC coincides with attenuated NO and ROS generation and elevated GSH content. Previous studies also observed antioxidant activity of HT. Futhermore, it has been reported that carnosol, an antioxidant in rosemary, can specifically prevent activation of NFkB by LPS in RAW 264.7 cells. 50) From the above discussion, we conclude that HT could inhibit NF-kB activation through decreasing ROS, ande NO and preventing the decreases of GSH induced by LPS in THP-1 cells. In summary, HT may attenuate intracellular oxidative stress by direct scavenging of NO and ROS, and by delaying consumption of GSH, which results in suppression of NF-kB activation.
